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LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report,

or that the use of any information, apparatus, method,
or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any information,
apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission'
includes any employee or contractor of the Commission, or employee
of such contractor, to the extent that such employee or contractor

of the Commission, or employee of such contractor prepares, dis-
seminates, or provides access to, any information pursuant to his
employment or contract with the Commission, or his employment
with such contractor.
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SUMMARY

The SL-1 facility was a boiling water reactor demonstration
plant for providing electrical power and process heat for re-
mote military bases. The nuclear power plant, located at the
National Reactor Testing Station, generated 300 KW of electri-
cal power and 400 KW of heat from a 3,000 KW reactor.

The SL-1 plant, designed and constructed by the Argonne Natio-
nal Laboratory, was operated by Combustion Engineering, Inc.
under contract to the Idaho Operations Office of the Atomic
Energy Commission. The plant had been operated by military
crews under Combustion supervision since February, 1959 for
the purposes of obtaining operational and maintenance experi-
ence, training of military operators, and testing components
for more advanced portable low power reactors (PL). A PL Con-
denser was installed in September, 1960 and was undergoing
performance tests. A replacement core and control rod drives
(PL type) were scheduled for installation at SL-1 in May, 1961.

The plant had been operated for approximately two years (40%

of design core lifetime) when a nuclear excursion occurred on
January 3, 1961. Three operators (all military personnel) who
were reassembling the control rod and drive mechanism following
a ten day plant shutdown period were fatally injured.

During the period from January 3 to January 10, a NRTS disaster
plan was effected for recovery of the three casualties and for

an assessment of the SL-1 reactor shutdown condition. A radia-
tion survey failed to detect the presence of neutrons; thus, it
was inferred that the reactor was not critical. Early observa-
tions of the water on the reactor room floor and of steam blowing
from the condenser cooling air exhaust indicated that some amount
of water was expelled from the reactor vessel during and after
the excursion. The physical damage to the core and the location
of control rods were unknown. No conclusion, therefore, could

be drawn about the mechanism which shut down the reactor. Un-
til additional information was available about core geometry

and presence of water in the reactor vessel it was assumed that

disturbance of the core structure might result in another
nuclear excursion.
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Based upon this state of knowledge the next operational phase,
designated "Core Deactivation" was undertaken with the objec-
tives of establishing core reactivity condition and adding
negative reactivity if required. An approved deactivation
plan which was initiated on January 17, 1961, included the
following steps:

1. Make radiation survey of the site and support buildings

2. Install neutron and gamma detection and alarm instru-
mentation in a suitable location to monitor subsequent
activities

3, View the top of the reactor vessel head to determine the
access available for penetration

4. View inside the reactor vessel to determine the condition
of the core and the water level optically

5. Determine the water level mechanically if unseccessful
in Step 4.

6. Add poison solution to reactor to reduce reactivity and
to provide shielding

Because of the concern that a second nuclear excursion might
occur, deactivation operations were performed with remote handling
equipment operated from outside the reactor building. Operating
techniques were based upon use of a light, mobile crane adapted
with a specially designed traveling boom. Special remote opera-
ted equipment, i.e., movie cameras, television cameras, radia-
tion instruments, water level and temperature probes, and vacuum
sample collector, was suspended from this boom over the reactor
head and into the reactor vessel.

Development of equipment and operational methods and training of
operating personnel were conducted on an SL-1 facility mockup.
The mockup was constructed to simulate the limitations for access
into the SL-1 building and the physical condition of the reactor
vessel head, and core.

To accomplish this deactivation plan, 16 operational entries
were made into the SL-1 facility. An average of 14 persons took
part in each entry as operators, electricians, radiation moni-
tors, photographers, observers and supervisor. No radiation
exposures during the deactivation period exceeded the authori-
zed dose of 2.5 r/quarter.



The first comprehensive information about the reactor vessel
head region and control rod positions was obtained from movie
film taken on January 23, 1961. The film indicated the rupture
of the shield container above the reactor vessel head and
scattering of shielding material. Six of nine control rod
ports in the reactor vessel head were observed to be open.
Extension shafts for control rods 1, 3, 7, and 9 protruded
through their respective ports. The No. 5 control rod bell
housing was in place on the vessel head, thus suggesting that
No. 5 control rod was in place in the core.

The No. 4 and No. 8 control rod ports were open and free of
protruding objects from within the vessel. However, a shield
plug which had been propelled out of the reactor vessel rested
across the reactor head, partially obstructing port No. 4.

Following unsuccessful attempts to drop a television camera into
the reactor vessel, a motion picture film was taken of the core
on February 22, 1961. The film was taken through the open ports
in the vessel head with a shield camera which was moved across
the top of the reactor vessel.

The 300 feet of film obtained showed (1) substantial blast da-
mage and radial expansion of the core structure; (2) control
rods 1, 3, and 7 in core; (3) central rod No. 9 resting on top
of the core; and, (4) no evidence of water.

Information on the presence or absence of water in the reactor
vessel was requisite to an understanding of the reactivity con-
dition of the SL-1 core. On February 28, 1961 a sonic water
probe was lowered into the reactor vessel to the top of the core
with no evidence of water. A water-sensitive chemical probe

was lowered one and one-half feet below the core on March 29,
1961 and again to the bottom of the reactor vessel on April 15,
1961 with no evidence of water. The latter penetration of the
core with the chemical probe was recorded photographically.

With the absence of water in the reactor vessel and the shutdown
condition of the reactor clearly established, other entries were
conducted to obtain additional information on core damage.

Viewing of the core structure through ports 4 and 8 was perfor-
med with a television camera and with a miniature still camera.
A total of 400 feet of movie film was taken of the television
monitor on May 17, 1961. Seventy still pictures were pro-
duced during entrance in May 11 and 19, 1961 which covered ap-
proximately 607 of the core.

x1i



A sample of melted fuel alloy was recovered on April 20 and a
radiation survey of the reactor room floor and ceiling was per-
formed on May 3, 1961.

On March 28, 1961, Combustion proposed a plan for the reactivity
reduction and shielding of the SL-1 core by the addition of a

25 gram per liter solution of boric acid to the reactor. The
addition of boric acid was to be made under the same controlled
conditions used in approaching criticality by raising water
level in a water moderated core critical experiment. This ap-
proach was based upon the then unknown geometry of the fuel and

the lack of information on the presence of water in the reactor
vessel.

An injection system was designed for adding the boric acid solu-
tion to the SL-1, which consisted of mixing and storage tanks,
pumps and piping. The equipment was to be mounted on a flat bed
trailer for transfer to the SL-1 site. Remote controls and in-
strumentation were to be located approximately 4,000 feet from
the reactor. Procurement and fabrication of the equipment was
discontinued at the time of a Commission discussion to leave

the reactor vessel dry.

A plan was prepared for decontamination of the SL-1 reactor
building, the removal of the core, razing of the reactor build-
ing, and decontamination of the support facilities. A con-
current effort to collect evidence on the SL-1 accident was
proposed.

The plan contemplated the use of remote equipment to remove high
level decontamination from the reactor building, followed by
direct access to the reactor room for low level decontamination
and core disassembly and removal.



I BACKGROUND TO SL-1 DEACTIVATION REPORT

A. DESCRIPTION OF SL-1 REACTOR AND PLANT
1. Arrangement

The Stationary Low Power Reactor No. 1 (SL-1) is a small, natural cir-
culation, direct cycle boiling water reactor designed by Argonne Na-
tional Laboratory to generate electric power and space heat for remote
Arctic installations.

Fig. 1-1 is a cutaway view of the 38 foot 7 inch diameter by 48 foot
high reactor building and adjoining control room. The lower portion
of the cylindrical building contains the reactor vessel surrounded by
gravel shielding. The turbine generator and other plant equipment are
located on the reactor room floor at the middle level (Figure I-2 and
I - 3). The air-cooled condenser with its circulation fan is mounted
above at the third level. The control room in the adjoining building
is connected to the reactor operating floor by a stairway. An addi-
tional air-cooled condenser, provided by Combustion Engineering, Inc.,
is located in a separate building (Fig. I-4). Design reports on this
plant are presented in References 1, 2, 3, and 4.

A summary of key SL-1 characteristics follows:

Reactor heat output : 3 MW (t)

Steam production 9020 1bs/hr

Steam pressure 300 psig

Steam temperature 420 OF (saturated)
Turbine generator output 300 KW (e)

Space heating load 400 KW (t)

Core design lifetims35 3 years

Core fuel loading U 14 Kg

Burnable poison 10 22.6 Gm

2. Reactor Core

A general elevation view of the core is shown in Fig. I-5. A photograph

of the reactor core looking down into the vessel is shown in Figure
I-6.

The SL-1 core was fabricated from an aluminum-nickel alloy (Alcoa X-8001).
The core structure is made up of two main components, the core shroud and
the core support grid. The entire core weight is borne by the stainless
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steel support grid, which is bolted to the core support pads attached to
the thermal shield. Sheet aluminum shrouding is riveted to the core
stanchions to form both control rod scabbards and envelopes to contain
fuel assemblies. The control rod scabbards extend about 26 inches above
the core to form a shroud around the rods when they are raised. There
are five cruciform control rod scabbards and four tee scabbards.

The structure provides a total of sixteen envelopes to contain fuel
assemblies. The four corner envelopes hold three fuel assemblies each
and the remaining twelve hold four fuel assemblies each. The maximum
core capacity is fifty-nine fuel assemblies and one source assembly.

The SL-1 core loading consisted of only 40 fuel assemblies arranged to
approximate a right circular cylinder and 20 dummy assemblies, one of
which contains an Sb-Be neutron source. This arrangement of the core
is as it existed just prior to the incident (Figure 1 - 7). The active
core is 25.8 inches high with an equivalent diameter of 31.4 inches and
an over-all water to metal ratio of 2 to 1.

The fuel assemblies consist of nine 0.120 inch thick fuel plates assem-
bled to two side plates by spot welding to form a box 3-7/8 inch square
(Fig., I-8). A fuel plate consists of a 0.050 inch thick by 3.5 inch
wide and 25.8 inch long center portion of aluminum-nickel-uranium alloy
in a picture frame of X-8001 aluminum alloy and side clad of .035 inch
thick X-8001 aluminum.

Each fuel assembly has a full length burnable poison strip of aluminum
alloy containing boron which is spot welded to one side plate. The strip
is 25.8 inches long by 3.875 inches wide by a nominal 0.026 inch thick,
and contains 0.5 grams of B 0, 1 addition, the sixteen center fuel
assemblies have a half-length strip welded to the lower half of the
opposite side plate. This strip is nominally 0.021 inch thick and con-
tains 0.2 grams of B1O,

The fuel assembly spacing is maintained by Inconel springs which are
fastened on each of the four sides at the top of the assembly. Fuel
handlinz is accomplished by a gripper mechanism which attaches to a
stainless steel gripper tip threaded and pinned into the upper end of
the fuel assembly.

A holddown device rests on top of each group of four assemblies. It con-
sists of a 7-7/8 inch square box, 3 inches high, fabricated of X-8001
aluminum alloy.

The 40 fuel assembly core utilizes five cruciform control rods composed
of cadmium sheets with X-8001 aluminum alloy cladding. The cadmium por-
tion of the cruciform is 14 inches by 14 inches by 0.060 inches thick
and 34 inches long (Fig. I-9). The centrally located rod (No. 9) has a
17 inch bottom extension made of solid X-8001 aluminum alloy plate and
the remaining rods have five inch extensions.
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3. Reactor Vessel and Head

The SL-1 reactor pressure vessel is carbon steel (Type SA-212) clad with
stainless steel (Type 304). The vessel consists of an ellipsoidal dished
bottom head, a cylindrical center section with a top flange, and a flat
upper head. Figure I-5 shows a view of the reactor pressure vessel. The
internal diameter is 52-1/8 inches and the inside length is 14 feet, 6
inches. The vessel was designed for 400 psig pressure with a metal
temperature of 500 OF.

The stainless steel clad upper head has nine flanged six inch diameter
nozzles for control rod drives, one four inch diameter liquid level con-
trol opening, and one 2% inch liquid level control opening. The overall
height of this head assembly is 24 inches.

A cylinder of one quarter inch sheet steel is welded to the top of the
head surrounding the nozzles to form a container for shielding material
which consists of iron punchings, boric-oxide, and gravel.

4, Control Rod Drive Mechanism

The five cruciform control rods are actuated by rack and pinion drive
mechanisms. Fig. I-10 shows the control rod drive mechanisms mounted
on the vessel head nozzles.

5. Systems
a. Main Steam System (Figure I-11)

Steam from the reactor flows to the turbine. Excess steam produced by

the reactor is automatically bypassed to the condenser through two auto-
matic bypass valves. The bypass valves are capable of passing all of the
turbine steam load in the event of a turbine trip. A second back pressure
regulating valve serves to maintain a pressure of 40 psig in the space
heat exchanger and downstream from the turbine pressure regulator.

b. Condensate System

Exhaust steam from the turnbine is condensed in an air-cooled finned tube-
type condenser operating at five inches of mercury absolute pressure.
Condenser cooling air is supplied at the proper temperature and flow rate
to provide constant turbine back pressure. This is accomplished by con-
trolled mixing of the recirculating and incoming air streams.

c. Feedwater System
Condensed steam from the condenser, air ejectors, and space heating sys-

tem is collected in the hotwell tank. This water is returned to the re-
actor by one of two feedwater pumps. Condensate is also used as cooling

12
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water in the primary shield cooling heat exchangers and the air ejector
after-condensers. A separate condensate circulating pump is used to
supply -these systems with water. Primary shield cooling is also pro-
vided by a natural circulation loop to an air-cooled finned tube-type
heat exchanger.

Water level in the hotwell is maintained to provide adequate submergence
of the feedwater pumps. Make-up water can be added manually from the
demineralized water storage system. The returning feedwater serves as
the coolant for the purification water cooler. 1In this cooler the 135 °F
feedwater is heated to 175 °F by the heat supplied from the reactor water.
The feedwater is passed through a filter and then enters the reactor
through a spray ring located at the level of the top of the reactor core.

d. Primary Water Purification System

Reactor water is continuously re-circulated through a purification system.
This system removed suspended and dissolved impurities in order to contrél

the build-up of radioactivity by deposition in the plant systems and
turbine.

Water from the reactor is taken out near the bottom of the core and re-
turned through the feedwater line. The water, coming from the reactor,
first passes through a five gallon holdup tank to reduce the N16 activity.
Then the water is cooled by regenerative heat exchange with the feed-
water. After cooling, the water is pumped through a filter, a mixed bed
demineralizer and returned to the feedwater line. Part of the flow by-

passes the mixed bed demineralizer and flows to a cation demineralizer
to maintain pH between 6.5 and 7.

e. Poison Injection System

A back-up shutdown system has been incorporated in the design of the SL-1
plant, which provides for the addition of boric acid to the reactor water.
At the discretion of the operating personnel, a concentrated boric acid
solution may be pumped into the reactor through the upper feedwater spray
ring. The manually operated pump has a capacity of at least 25 gallons
per hour when the reactor is at operating pressure. With the vessel at
atmospheric pressure, the solution can be introduced through the upper
feedwater spray ring by gravity feed through a by-pass hose.

f. Plant Expansion Facility

The purpose of the plant expansion facility (designed and installed by
Combustion Engineering, Inc.) is to provide additional heat dump capacity
for higher power operation of the original SL-1 plant (Figure I-12). This
system will handle an additional 13,000 pounds per hour steam flow, thus
providing capacity for reactor operation at a power level up to 8 MW (t).
It consists mainly of a PL-2 type air-cooled condenser, hotwell, air ejec-
tors, return booster pump, and rejuired instrumentation and controls.

15
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6. Instrumentation and Controls
a. Nuclear Instrumentation

The nuclear instrumentation system is composed of startup instrumentation,
containing source range and intermediate range equipment, and power range
equipment utilized during power operation to monitor reactor neutron flux
level and provide over-power protection (Figure I-13).

The SL-1 installation uses two boron trifluoride counters with scaler read-
out for the source range channels to provide indication only with no
automatic proctor protection.

Iwo compensated ion chamber channels are utilized during start-up in the
intermediate range. One channel provides linear readout (indicating and
recording) with automatic period protection for the reactor. The other
provides log power readout (indicating and recording). These two channels
will operate over the intermediate flux range and the power range.

Signals for reactor over-power protection are generated from two uncompen-
sated ion chamber channels. Meter relay trip circuits and indicated neutron

flux readout is available at the control panel for these power range
channels.

b. Process Instrumentation

Process instrumentation signals are used for indicating or recording the
plant parameters. Feedwater flow, reactor steam pressure, main steam
flow, by-pass steam flow, condenser vacuum, condenser air in and out
temperature, feedwater temperature, and reactor water level are recorded
on the main process panel. Feedwater pressure, main steam pressure, hot-
well level, main steam pressure, P-P,, system temperatures (48 points)
and conductivity are indicated.

c. Reactor Control System

The steam void coefficient of reactivity acts on the reactor to move the
reactor power in a direction opposite to that required to follow a load
change. The SL-1 reactor control System accommodates load changes by
adjusting the reactor thermal output to the level of the load or by by-
passing steam to keep the output of the reactor constant during load
changes. A pressure signal (P) from the main steam line is fed to the
pressure deviation recorder where it is compared with pressure refer-
ence setting (Po). From the pressure deviation recorder a signal pro-
portional to P-P, is re-transmitted by means of a slide wire to a posi-
tion controller. For the first control mode the controller drives the
center control rod to increase or decrease reactor power as required.
For the second control mode the controller operates a valve in the steam
by-pass line around the turbine which compensates for the change in
steam demand of the turbine.

17
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d. Reactor Water Level Control (Figure I-14)

There are two displacement float liquid level sensor transmitters in the
reactor. The signal from the first is used for recording liquid level,
controlling the feedwater regulating valve and for high and low level
alarms. The signal from the second is used to give a high and low
liquid level scram.

Since the steam flow from the reactor will vary with time, it is neces-
sary to control the flow of feedwater to the reactor to maintain the
reactor water level within the desired limits., Either of two methods
is available for controlling the feedwater regulating valve in the
feedwater line. For the first method, three-point control signals

from the steam flow, reactor water level, reactor water level and

the feedwater flow, are combined and fed into the controller which
acuates the flow regulating valve. 1In this controller the reactor
water level signal is over-riding. For the second method, single

point control, the reactor water level signal alone is fed to the con-
troller.
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B. DESCRIPTION OF SL-1 INCIDENT AND PERSONNEL RECOVERY(6)

"Pirst indication of trouble at the SL-1 (Stationary Low Power No. 1)
reactor was an automatic alarm received at Atomic Energy Commission
Fire Stations and Security Headquarters at 9:01 p.m. (MST) January 3,
1961. The alarm was immediately broadcast over all NRTS radio net-
works. At the same time, the personnel radiation monitor at the Gas
Cooled Reactor Experiment gate house, about one mile distant, alarmed
and remained erratic for several minutes.

"Upon the receipt of the alarm, which could have resulted from either
excessive temperature or a pressure surge in the region above the
reactor floor, the Central Facilities AEC Fire Department and AEC
Security Forces responded. A Phillips Petroleum Company (operating
contractor for some NRTS facilities) health physicist from the
Materials Testing Reactor area was called at this time.

"The fire engines and security forces arrived at the SL-1 site, about
eight miles from the central facilities area, at approximately 9:10 p.m.
Security patrolmen opened the gates in the site area fence and later
the south door of the SL-l1 administration building. Firemen equipped
with Scott Air Paks and radiation survey meters went through the admin-

istration building and the support facilities building in search of the
operators and evidence of fire.

"The initial penetration went as far as the entrance to the reactor
"building; however, unusually high radiation levels there caused the
search party to withdraw pending health physics guidance. No fire or
smoke nor any personnel were seen in the support facilities or admini-

stration building. The searchers did not enter the reactor building
proper.

"At 9:17 pem. the Phillips health physicist arrived at the SL-1. He

and a fireman, wearing Scott Air Paks, made another trip through the
administration and support facilities buildings and as far as the foot

of the stairs to the operating floor of the reactor building, where they
encountered a radiation level of 25 roentgens per hour, the limit of

the survey meter they were using. They retreated from the reactor
building and thoroughly searched the administration and support facilities
buildings looking for the three men believed to be on duty. They saw

no one, nor any smoke or fire. During this search they encountered
radiation fields of from 500 mr per hour to 10 r per hour.

"By this time a radio check to other NRTS installations confirmed that
the three SL-1 operators had not gone to any of them, so it was now
presumed they must be in the reactor building.
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"At 9:35 p.m. two more Phillips health physicists arrived, already in
protective clothing. One of them, with two firemen and with a 500 r per
hour range survey meter, went up the stairs of the reactor building until
a 200 r per hour radiation field was encountered. This group withdrew
from the building to plan a course of action based on radiation levels
noted. Then, with AEC approval, the other Phillips health physicist and
an AEC fireman went to the top of the stairs and took a brief look at

the reactor floor. Observed radiation levels of the order of 500 r per
hour forced their quick withdrawal. They saw some evidence of damage

but no bodies.

"By 9:36 p.m. key personnel of AEC-Idaho Operations Office, Combustion
Engineering, Inc. (operating contractor for SL-1), and Phillips Petro-
leum Company had been notified of the SL-1 accident. Following notifi-
cation, many personnel who played key roles in the rescue efforts at

SL-1 had to travel from Idaho Falls to the SL-1 site, a distance of

41 miles. At 10:25 p.m. IDO designation of a Class I Disaster was broad-
cast over the NRTS radio network.

"When four Combustion Engineering personnel, including the SL-1 Plant
Health Physicist, arrived, they decided to enter the 500 r per hour
field. The four Combustion Engineering men, having verified that the
three military men on duty had not left the site, prepared to enter onto
the reactor operating floor.

"At approximately 10:35 p.m. the Combustion Engineering supervisors for
plant operations and health physics, wearing Scott Air Paks and carrying
two 500 roentgen scale Jordan Radectors, entered the reactor operating
floor for less than two minutes. They saw two men; one moving. They
withdrew and returned with two more Combustion Engineering men and an
AEC health physicist.

"Two of the group picked up the man who was alive and put him on a

stretcher at the head of the stairs. The other three of the group ob-
served that the second man was apparently dead. The group got the stretcher
down the stairs and out the west door within three minutes of entry, and

put the stretcher in a panel truck. The man was taken in the panel truck

to meet the ambulance, transferred, and taken to the junction of Highway

20 and Fillmore Blvd., where the AEC doctor was met. When the doctor
examined the casualty at 11:14 p.m. he pronounced him dead and the ambu-
lance returned with the body to the SL-1 site pending a decision on the
temporary disposition of the body.

"At about 10:38 p.m. another group, made up of two military and two
Phillips personnel, entered onto the reactor floor briefly to locate the
third man. They located him and determined that he was dead and did not
attempt to remove him.

"The recovery group went to the GCRE for preliminary decontamination.
Gamma exposures of the five-man group ranged from 23 to 27 roentgens.
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As the groups were returning from the GCRE, they stopped long enough to
permit one military man and one AEC health physicist to go through the
support facilities building and close doors to lessen the chance of a
fire starting and spreading in the disaster area; the two men did not
enter the reactor building on this trip. When the two men returned to
the rest of the group, it proceeded on to the decontamination trailer
set up at Fillmore Blvd. and Route No. 20. From here the group split
up with part going to the Central Facilities Dispensary and the rest
going to the Chemical Processing Plant for further decontamination.

"Having concluded that the remaining two operators were dead, the AEC-
IDO health physicist suspended rescue efforts and ordered all personnel
back to the roadblock established on Fillmore Blvd. at Highway 20.

"After the ambulance had been returned to SL-1 to await a decision on
disposition of the body, personnel involved in the transfer of the

body from the panel truck to the ambulance went to the Central Facilities
Dispensary for decontamination. Between midnight and 3 a.m. on January 4
approximately 30 people who had been engaged in the emergency at the SL-1
area were admitted to the dispensary for secondary decontamination.

These personnel included firemen, security patrolmen, and military
personnel. Preliminary badge readings and urine sample analyses for
these 30 people were received around 3:30 a.m. and indicated that all
personnel could be released. To assist in the above-mentioned decon-
tamination processes, four Phillips Petroleum Company health physicists
came to the dispensary from the MIR and Engineering Test Reactor.

"At approximately 6 a.m. on the morning of January &4, a team of five men
removed the body from the ambulance located in the SL-1 area. The body

was disrobed in order to remove as much contamination as possible at the
site. The body was replaced in the ambulance, covered with lead aprons

for shielding purposes, and transported to the Chemical Processing Plant
where surface decontamination was attempted.

"Individuals involved in the disrobing and transfer process received a
maximum exposure of 770 millirems gamma. Prior to decontamination the
reading from the first body was approximately 400 r per hour at the head
region, approximately 100 r per hour at the feet, and from 200 to 300 r
per hour over the remainder of the body. First efforts to decontaminate
the body resulted in no significant decrease in the readings.

"Between 7 a.m. and 11 p.m. on January 4, the day following the incident,
several entries into the reactor buildings were made. As a result of
the entries, the second body was recovered, leaving one fatality to be
recovered. Detailed events involved with removal of the second body are
presented in a subsequent paragraph. A Hurst criticality dosimeter was
recovered from just outside the door leading onto the reactor operating
floor. Personnel history files were recovered from the Administrative
Support Building. In addition, the reactor operating log book and all
but one of the plant instrument charts were recovered from the Control
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Room area. The instrument charts recovered are the following:

Condenser Air Temperature Inlet Purification Water Temperature
Condenser Air Temperature Outlet Reactor Pressure

By-Pass Steam Flow Linear Power Level

Main Steam Flow Log Power Level

Reactor Water Level: Feedwater Flow

"The linear power level and feedwater flow instruments are known to have
been off at the time the charts were removed. The only chart not recovered
was the Constant Air Monitor.

"During this same period investigation teams were organized by the AEC,
Argonne National Laboratory, and Combustion Engineering, Inc. Efforts
continued on planning removal of the last victim, and assessing the
damage incurred.

"In addition to the normal continuous radiation monitoring stations which
were operating at the time of the accident, radiological monitoring teams
started intensive surveys of the adjacent areas and NRTS environs to
evaluate any possible radiological hazard. These surveys are continuing.
No radiological hazard to the public has been indicated.

"At approximately 4 p.m., January 4, 1961, preparations began to recover
the second body from the reactor operating floor. The body was located
in an area where radiation levels were estimated to be approximately
750 r per hour.

"A recovery team consisting of six military personnel and two AEC health
physicists proceeded from the decontamination check point on Fillmore
Blvd. near U. S. Highway 20, after having been extensively briefed,
rehearsed, and attired in protective clothing, to the entrance of the SL-1
compound at about 7:30 p.m. Of this group, two military men and the two
health physicists entered the Support Facilities Building through the

side entrance into the maintenance workshop area. A blanket was placed
on the floor in the control room.

"Because of the high radiation levels to be encountered, the maximum
permissible working time on the reactor operating floor was limited to
one minute. One health physicist was assigned to hold a stop watch and
time the actual entrance to the reactor operating floor, signaling the
two-man recovery team when their time was up. The other health physicist
remained in the support facilities building to check the body for radia-
tion after its removal from the reactor building.

"Having been briefed as to the location of the body to be recovered, the
two-man team entered the reactor operating floor and proceeded directly
to the body. One man picked up the victim's legs while the other grasped
the body around the shoulders and they moved rapidly out of the high
radiation area and down the stairway. Their one minute limit in the
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reactor area did not expire until they were part way down the stairway.
The two men continued down the stairs and placed the body on the blanket
in the control room.

"The second two-man team entered the Support Facility Building and went

to the control room where they picked up the body by the four corners

of the blanket and carried it out of the SL-1 compound. The work clothing
or coveralls was removed from the body, which was then placed in an
ambulance standing by for the purpose at 8:08 p.m. The ambulance pro-
ceeded with the body to the Chemical Processing Plant where facilities

had been prepared to receive it. The third two man military team pro-
ceeded into the Support Facilities Building and on to the reactor
operating floor for the purpose of attempting to gain some more infor-
mation about the status of the remaining body and the reactor.

"The short periods of time that these recovery teams were in the high
radiation areas on the reactor operating floor resulted in gamma ex-
posures of from 1 rem (roentgen equivalent man) to about 13 rems.

"On Thursday evening, January 5, an official photographer entered the
radioactive reactor compartment to photograph the scene of the explosion.
Radiation fields greater than 500 r per hour were reported by the
accompanying health physicist. The photographer, wearing protective
clothing and breathing apparatus, was allowed 30 seconds to complete
his assignment. By entering the reactor compartment only long enough
to trigger his camera and withdrawing to a less radioactive area to
change film and make adjustments, the photographer was able to obtain
the interior photograph needed. This photograph assisted AEC investi-
gating teams in making plans to recover the third body and evaluating
damage to the reactor operating floor area. Maximum radiation exposure
of these two men was less than two roentgens gamma of radiation.

"The plan for removal of this third body was to position a large net

(5" x 20') under it and attempt to lower the body onto the net. The

net itself was fastened to the end of a crane boom. The large doors

on the reactor building that are used for moving equipment in and out

of the building were opened to permit the crane to position the net

just below the body. A closed circuit television camera had been placed
in the reactor building to Help position the net.

"When the net was in position, teams of two men each were to move in
quickly and try to lower the body onto the net. Because of radiation

fields, each team had less than a minute to make their attempt at
freeing the body.

"Due to malfunction of the television equipment, it was necessary to

use the first team of men to check that the net was properly positioned;
they accomplished their mission in less than their allotted time.
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"Four additional teams were used to accomplish the mission of freeing
the body and lowering it onto the net. A sixth crew, outside the
building was used to move the crane which held the net. The third body
was removed from the building at 2:37 a.m. on January 9, 1961. The
estimated doses received by the men entering the reactor building to
free the body ranged from 2.5 to 7.5 rem.

"Recovery operations were completed at 4:42 a.m. January 9, 1961.

"Official photographers have made a permanent record of activities at
the SL-1 area. Aerial photographs were taken late Friday, January 6, 1961,

to record the condition of the reactor building exterior, which appears
undamaged .

"At 1:45 a.m. Sunday, January 8, 1961, a photographer, accompanied by

a health physicist, photographed the reactor compartment. The photograph
was requested by the Technical Advisory Committee which is assisting

the Idaho Operations Office in planning the recovery of the third victim.
A photograph of the control room was also taken. Readings of the high
range gamma dosimeters worn by the men showed a maximum exposure of

less than three roentgens.

"Entry to the reactor building continued to be a hazardous undertaking.
To protect individuals from contamination, a detailed procedure is
observed prior to entry. A detailed plan of action for each operation
is established in order to obtain maximum benefit from the limited
observation time of one to two minutes. AEC and Combustion Engineering
health physicists personnel control the disaster field operations to
ensure maximum safety for all participants. They determine who may
enter, the radiation exposures to be tolerated and the equipment to

be utilized.

"The person assigned an entry mission and a health physicist are each
dressed in two pairs of coveralls, shoe covers, and gloves. Around

the wrists and ankles, tape is used to ensure no skin remains exposed.
Caps and respiratory protection equipment plus miscellaneous radiation
detection equipment complete the outfitting of participants. Following
exit from the contaminated area, clothing is removed and participants
are decontaminated, if necessary, by scrubbing with soap and water.

"Since radiation effects are cumulative, each entry by an individual
brings him closer to prescribed maximum permissible limits. Exposures
to personnel are kept as low as possible by strict limitations and
careful planning. To prevent multiple high exposures to individuals
the missions are assigned to different personnel, thereby requiring a
larger number of persons.

"There have been 23 persons who have received radiation exposures
during activities at the SL-1 site varying from three roentgens to
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27 roentgens total body exposure. Of the total, 14 received exposures
of three to twelve roentgens, six were in the 12 to 25 r range, and

three above the 25 r. Precautionary medical checkups did not disclose
any clinical symptoms."
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C. ESTABLISHMENT OF RECOVERY ORGANIZATION

1. Organization
As a result of the SL-l incident on January 3, 1961, a reorganization
and augmentation of the Combustion staff at the National Reactor Test=-
ing Station was required. In addition, substantial support from the
Nuclear Division staff in Windsor was required. (See Organizational
Chart, Figure I-15)
The pre-incident SL-1 scope covered supervision of operations, testing,
and training of military personnel. The post incident SL-1 recovery
operations scope included planning and equipment design for the recovery
effort, operations, and health physics control of the SL-1 Site and
emergency Control Point. Four functional sections were established
under a Site Manager. The scope of each is presented below:

a. Planning and Design

(1) Develops a master plan for plant decontamination
and core removal

(2) Designs and/or procures equipment
(3) Prepares general procedures

(4) Plans and builds mock-ups, coordinates tests, and
establishes training requirements

(5) Coordinate preparation of progress and completion
reports

(6) Plans and provides direction for SL-1 core metallur-
gical examination at NRTS Hot Cell

b. Operations

(1) Coordinates and/or performs recovery operations in
plant

(2) Prepares detailed procedures for recovery operation
(3) Maintains equipment

(4) Establishes requirements and schedules availability of
manpower for decontamination and core removal

(5) Provide operator trainees for mock-up testing
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c. Health Physics
(1) Operates health physics Control Point

(2) Control exposure levels of personnel and maintains
records of personnel exposure

(3) Monitors all operations with SL-1 Site
(4) Conducts radiation surveys of SL-1 Site

(5) Prepares reports of radiation surveys and personnel
exposures

d. Administration

Supervises SL-1 Site administrative activities including budget control,
operational costing, personnel administration, security and classification,

material procurement and inventory control, administrative services, and
records control.

2. Planning and Design Task
The development of a plan for plant deactivation, plant decontamination,
and core removal was assigned to a planning and design section. The
effort of this section was organized into several tasks.

Task 1 - Plant Deactivation

Scope includes developing methods and equipment needed to establish reactiv-
ity condition of SL-1 core and to adl a poison solution to the reactor vessel.

Task 2 - Radiation Survey and Instrumentation

Scope covers planning and providing neutron and gamma monitors and in-
strumentation to locate and measure radiation sources in reactor building.

Task 3 - Remote Decontamination

Scope includes development of methods for removal of high radiation
sources (excluding vessel head and core) remotely from reactor building.

Task 4 - Low Level Decontamination

Scope covers development of methods for low level direct decontamination
of SL-1, buildings and yard, and waste disposal.

Task 5 - Core Removal

Scope includes development of methods and equipment for reactor vessel
head, internals, and core removal.
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Task 6 - Core Metallurgical Examination

Scope covers planning and directing the metallurgical examination
of the SL-1 core.

3. Facilities
a. Office

Six days after the incident, Combustion established offices in

the NRTS Central Facilities area for the technical staff and for
the handling of procurement, personnel, security, communication,
records, and other administrative functions to support the re-
covery operation. Procedures were modified to meet the emergency
nature of the requirements of the technical staff, with full
regard for subsequent review by the Commission. Thirty-five
peoplewere ultimately housed in two of the bungalows made avail-
able to Combustion by the Commission. This included 28 Combustion
personnel and seven persons from supporting organizations. Because
of the broad interest within the Commission on every aspect of

the recovery operation and the concurrent efforts by many groups
within Combustion, every task was formalized in a report and dis-
tributed to key persons both within the Commission and Combustion.

On the day following the incident, a systematic program of record
recovery was established. First priority was given to the recovery
of records such as operational and maintenance logs which might
divulge information pertinent to a full analysis of the incident.
After these records were retrieved from SL-1, copies were made

of the records and the originals turned over to the Commission

for their permanent storage. 1In subsequent entries into the plant
all records and files were brought out.

b. Control Point

The Idaho Operations Office, operating within the scope of the IDO
Disaster Plan, assumed health Physics control of the emergency
recovery operation at SL-1 from January 3rd until January 15th.

To restrict access to the SL-1 Site, a Control Point was established
near the junction of Fillmore Boulevard and U. S. Highway 20, which
was one mile from the Site. This Control Point served as a dressing
and decontamination site as well as a check point. On January 1l5th,
Combustion Engineering, Inc. re-assumed health physics control of
recovery operations.

The Health and Safety group for Combustion Engineering, Inc., dur-
ing the recovery operation, was comprised of health physics per-
sonnel from the Combustion Engineering Nuclear Division and mili-
tary personnel from the SL-1 Cadre. The CEI Health and Safety
group established their main headquarters at Central Facilities
and maintained the Control Point on Fillmore Boulevard for access
to the SL-1 Facilities.
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Close liaison was established and maintained between CEI Health and
Safety group and the IDO Site Survey group. Weekly meetings were
scheduled to review Health and Safety aspects of the recovery oper-
ations. SL-1 Health Physics Data Reports were issued to the Idaho
Operations Office. A total of twelve reports were made during the
period of January 3 through May 20, 1961. These reports covered
radiation surveys, results of air samples, soil samples, smear
samples, personnel exposures, and essentially all aspects of Health
and Safety activities concerned with the recovery operations.

Figure I-16 shows the physical layout of the Control Point and its
relation to the SL-1 Site which appears in the background. No per-
sonnel were allowed to pass beyond its confines unless properly
suited and accompanied by a Health Physics representative. A dress-
ing trailer was provided where personnel were properly suited with
protective clothing and required respiratory protection. Figure

I-17 shows an inside view of this trailer. Before entering the con-
trolled area, personnel were required to leave through a trailer
serving as a Buffer Zone. Personnel entered the cold side of the
trailer for final equipment inspection and issuance of personnel
metering devices Figure I-18, consisting of one film badge and two
dosimeters (low-range - O to 200 mr, and high range - O to 1000 mr).
Upon returning from the Site, personnel entered the hot side of the
Buffer Zone to remove their protective garments and equipment. Before
leaving, personnel were monitored, and decontamination was performed
when necessary. Two other house trailers served as administrative
offices for Contractor personnel and the CEI Health Physics supervisor.
An electronics maintenance shop was set up in yet another trailer.
Instrument repairs and calibration checks were made in this trailer.
Located at the front of the electronics shop was an observation and
communication point for maintaining contact with personnel working

in the SL-1 facility. The facilities described above made up the
Control Point at the end of the SL-1 deactivation effort. The require-
ments for and experience with the Control Point dictated several
modifications during the months following the incident.
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D. CONDITION OF SL-1 REACTOR IMMEDIATELY AFTER INCIDERT
1. Physical Condition

The physical condition of the SL-1 facility immediately follow-
ing the incident on January 3, 1961 was evaluated by studying
photographs taken of the operating floor and from testimony of
personnel entering the reactor building. The conclusion was
drawn early that the physical damage appeared to be confined to
the reactor operating room. Six photographs made of the opera-
ting floor revealed that the area of damage was confined within
the reactor vessel and to the vicinity above the reactor head
(Figure I-19). Shield blocks which had been moved away from the
reactor top head area appeared to be in good condition and in the
same locations as before the incident. Control rod mechanism
housings which were neatly lined up in front of the electrical
switch gear panel were undisturbed and a single mechanism hous-
ing was still bolted to the reactor vessel head. All major con-
trol rod drive mechanism parts have been located with the exception
of two shield plugs. The location of a tool necessary for the
withdrawal of a control rod is also unknown. The water level in-
dicator housing and blank nozzle shield plugs were still intact
on the vessel head.

The vessel head shield cover plate had been blown upward locally
from the impact of the blast. Steel punchings which served as

the shielding material, was generally scattered around the reactor
operating floor.

Two of the control rod drive shield plugs had partially penetrated
the fan floor directly above the reactor. A third shield plug
and connecting rod extension rested on top of the reactor head.
Two control rod extensions were observed protruding through the
vessel head nozzles.

The steel structure of the fan floor appeared to be bent as a re-
sult of blast damage. Holes in the steel sheeting which made up
the fan floor were observed directly above the reactor head area.

Early observers at the SL-1 noted a steam cloud blowing out of
the condenser cooling air exhaust. Observers of the operating
floor noted the presence of water on the floor and at the bottom
of the reactor stairs. Thus, it was apparent that an unknown
amount of water had been ejected from the reactor.

£11 lights were still functioning in the operating room except
one directly above the reactor head, which had been shattered by
the blast.
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2. Radiation levels
a. Inside Reactor Building

Radiation levels in the Reactor Building Jjust after the incident were
accumulated from portable Health Physics instruments and from dosimeters
on persons making entries into the building. Initial levels showed a
1000 r/hr field over the reactor and a 500 r/hr field on the reactor
floor at the top of the stairs. Although crude, the results from these
measurements were substantiated later by more precise survey equipment.

The measurements taken on the reactor operating floor from January 4
through January 30, 1961 are presented in Figure I-20 (7).

b. Outside Reactor Building

The first comprehensive radiation survey around the reactor building
was made on January 7, 1961l. From the radiation data, isodose lines
have been sketched in Figure I-21 which vary from 10 r/hr at the base
of the building to 0.2 r/hr at the fence. The isodose lines show

radiation levels in the area in which the emergency operations effort
had to be performed.

3. Concern for Another Nuclear Excursion

Initial photographs and testimony of personnel entering the reactor
building partially revealed the physical condition of the operating
floor and reactor head area. Radiation levels on the reactor oper-
ating floor of 500 to 1000 r/hr prevented direct examination of the
reactor vessel and core. All nuclear instrumentation was made in-
operative by the incident. These factors resulted in uncertainty
about the shutdown condition of the reactor.

The evidence of damage on the reactor floor led to the supposition that
severe damage had occurred to the core and that appreciable water was
expelled from the reactor vessel. It was also known that criticality
could result from withdrawal of the center control rod. No information
on position of the contact rods with respect to the core was available.

Since the mechanism of reactor shutdown was unknown it was prudent to
assume that a distrubance of the core configuration could result in
another nuclear excursion and an additional radiation burst. The objec=-
tive of the next sequence of operations was, therefore, to establish the
shutdown condition of the reactor and to deactivate the core if required.

38



17 —-
16 N
R
15 U Q
U
Q b% Q{
14 j
\Ug \\: <~\.-'\ 2R
\ , A%
st
— 0
13 o
I
-~ -
12 i) b@
e N
AN
T N
B
10 2
9
8
1+« TURBINE-GENERATOR 11, WASTE STORAGE TANKS
2. HEAT EXCHANGER 12, FEED WATER LINE FILTER
3. WATER STORAGE TANK (OVERHEAD) 13. PURIFICAT!I ON SYSTEM AREA
4. MOTOR CONTROL BOARD 14, CONTAMINATED WATER STORAGE TANK
5. COVERED STAIRWAY 15. BORON STORAGE TANK
6. CONDENSATE CIRCULATING PUMP 16, COVERED EMERGENCY STAIRWAY
7. HOTWELL (OVERHEAD) 17. CONTROL ROD DRIVE MOTORS
8. FEED WATER PUMPS 18. CONCRETE SHIELD
9. FUEL STORAGE WELLS 19, SUPPORT FACILITIES BUILDING
10. EQUIPMENT DOORS (CONTROL ROOM LOCATION)

RADIATION LEVELS INSIDE REACTOR
BUILDING IMMEDIATELY AFTER

INCIDENT

FIGURE 1-20

39



0.270

0.270 / sy — N

SUBSTATIQN

~—~ PL CPNDENSER BLDG,

° N BLDO. i .
500l R_AT TOP —_—
OF STAIRS & 1 EAT EXQHANGER
< ; e " 25R AT BASE
Bl conesnos "b ‘“‘< [T OF STAIRS
© 1 o DETENFION
' z L Sx I N SEPTIC TANK
| @ H Ll ©100 [ Ry A o
i g - < 1 v - ! i E=3Ocniomine TReat
3 3 ! w 4
‘ HLORINAT!
: < § ] ¢ ; [J-—cwommarion
(6.: B 5 X b L /) 4
z © 7 6.5 SISpR
3 J - FUEL OIL
. g g z TANK .
z e
5 ) e
w v F
- N
Bt ) : T
3 B ADMIN,
, BLDG.
. h'd
\ L]
. S ]
| €
I- . of w e GUARD HOUSE . .
(%}
0,05 DA P = 0.125
Z BI5 R
w
ALL READINGS IN R/HR
-
-2
L4
-
a
{ TTTTI T LT RONE 0. 120 AR R 5 Y ',.
Yo s.c.nt * FILLMORE 8LVD.,
- J

RADIATION MAP OUTSIDE REACTOR
BUILDING ON JANUARY 7, 1961

FIGURE I-21
40



E. EMERGENCY INSTRUMENTATION

SL-1 nuclear instrumentation was made inoperative by the incident. There-
fore, a nuclear alarm system was set up to furnish visual and audible
alarms for personnel working in the area in case of an unexpected criti-
cality in the reactor. Provision for continuous recording of a fission
chamber channel and one gamma channel was included for record purposes in
case a criticality should occur. The system established is described

in block diagram form in Figure I-26. The location of each component is
indicated.
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BLOCK DIAGRAM OF THE SL-1 NUCLEAR ALARM SYSTEM
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IT SL-1 DEACTIVATION

A. OPERATIONS PLAN

Combustion developed and the Commission approved a plan for SL-1
core deactivation. The plan is summarized below:

The guidelines for work covered by the plan were influenced by the
consideration that the core may be in a near critical configura-
tion. The possibility that the subsequent operations might disturd
a delicate balance could not be discounted. All operations should
be conducted to assure minimum disturbance should this condition
exist. Therefore, a minimum number of entries into SL-1l involving
a limited number of personnel were proposed.

In accord with the above guidelines, the following steps were
recommended:

1. Make radiation survey of the site and support buildings.

2. Install neutron and gamma detection and alarm instru-
mentation in a suitable location to monitor subsequent activities.

3. Obtain a view of the top of the reactor vessel head to
determine the access available for penetration.into the reactor
for further observation of the core condition.

4. Look inside the reactor vessel to determine the condition
of the core and possibly to determine the water level optically.

5. Determine the water level mechanically if unsuccessful in
Step 4.

6. Deactivate the core by addition of a poison solution.
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B. OPERATIONS APPROACH
1. Entries Into SL-1 Facility

High radiation levels in the reactor building and the uncertain reactivity
condition of the core and vessel lead to the establishment of several
guidelines for deactiviation operations. First, all deactivation tasks
would be performed with no personnel access to the reactor building.
Second, emergency neutron and gamma monitoring and alarm instrumentation
would be installed to replace instrumentation made inoperative by the
incident, and to alert personnel working within the SL-1 compound in

the unlikely event of another nuclear excursion. Third, radiation dose
levels for personnel were established at 2.5 r/quarter.

Supporting Combustion in the deactivation effort were several companies
and government agencies. A major entry into SL-1 required the performance
of some function by all of these organizations. A flow chart which shows
the steps of planning and executing an entry is shown in Figure II-1.
Routine entries, di.e., instrument checks, did not follow the complete
process, but included those steps essential to satisfactory execution.

The planning and execution of each entry was performed in accord with

the approved deactivation plan. The objectives for an entry were defined
in conjunction with the Idaho Operations Office and its Technical Advisory
Committee. Results from earlier entries served as a basis for setting
objectives for the next entry.

Design engineers next proceeded to select or design equipment for the new
entry. In practice, several equipment schemes were being designed con-
currently for one or several entries. After the initial design and
Planning effort, the most promising apparatus was selected for fabrication
or procurement.

Each item of equipment was adapted for use on the mobile crane and boom.
Electronic equipment was made shock resistant. Pulleys, wires, light
cords, and tag lines were procured and tailored for each individual
entry. Brackets for mounting temperature recorders, television monitors,
etc. on the shielded crane were fabricated. Typical problems included
adapting light cords, television cables, and thermocouple wires to the
boom so that each cable would operate freely and independently of each
other. In the case of the water level probes, a tape was installed on
the crane boom for measuring the distance the cable was played out.

The purcha: of equipment was handled by Phillips Petroleum Company. The
manufacture of machine parts and structural equipment was completed by

the Phillips' shops at Central Facilities. Construction, rigging, and
major electrical work was performed by the H. K. Ferguson Company. Special
equipment such as television and nuclear instrumentation was provided

and assembled by specialists from other AEC activities. All equipment was
procured and manufactured under Combustion Engineering, Inc. supervision.
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CONCEPTION OF ENTRY OBJECTIVES
AS ESTABLISHED BY CEl MANAGEMENT
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When the equipment was available and bench tested, the operational

mockup effort was started. A preliminary operating procedure was pre-
pared to guide testing. The mockup testing served to check out equipment,
develop a detailed operational sequence, train operating crews, and
provide operating time needed to set radiation doses. The mockup work

is discussed in detail in the next section.

After the mockup work was completed, training and review of procedures
continued until each man in the operating crew was thoroughly familiar
with his particular job. Review of past operations was required.

A detailed operating procedure was prepared and submitted for concurrence
of the project engineering design section, health physics section, and

the Project Manager. After concurrences were obtained, the procedure

was assembled in final form and submitted to the Idaho Operations Office
for final approval.

The AEC, Idaho Operations Office, assigned supervisory and operational
responsibility to Combustion Engineering for the deactivation operation.
However, the Commission retained approval authority for each entry pro-
cedure as well as for the general operational plan. Initially, the
Commission staff and its Technical Advisory Committee held hearings on
entry procedures at which Combustion Engineering presented a review of
equipment and techniques to be used. This step resulted in the formal
submission of each entry procedure, formal review, and formal documen-
tation of entry approval.

With the procedure approved, a time and date for the entry was assigned.
Weather was an important consideration in scheduling entries. Snow and
freezing temperatures were common during the early entries. In later
operations rain, wind, and dust were contended with. With the time and
day designated, equipment and personnel were assembled at the Control
Point four hours prior to the entry. All effort from this point was
coordinated by the Combustion Engineering supervisor in charge of the
entry. The personnel included H. K. Ferguson heavy equipment operators,
Army Cadre and Combustion Engineering equipment operators, H. K. Ferguson
electricians, Army photographers, special equipment operators, AEC
observers, the Combustion Engineering entry supervisor, and Combustion
Engineering health physicists.

Following transfer of equipment from the mockup to the Control Point,
the final assembly, rigging, and check-out of apparatus is performed
(Figure II-3). Radiation detectors are attached to the crane rig.

Personnel involved in the entry are dressed in protective clothing under
health physics supervision and issued dosimeters and film badges. Upon
completion of dressing, personnel involved in the operation attend an
Operations and Health Physics briefing (Figure II-4). The briefing
covered the following subjects:

46



.

. .

i il
v

.

i o
oo ,§» e
.

i

L

.
...
.

o
i
.

,»,;‘,,/9 g i
...
i . G
. . -

S e

v s b

HEALTH PHYSICS MONITOR PERFORMING SITE SURVEY

FIGURE II-2

47



€-11 3dNolid

AYLN3 3¥0439 INIOd T1OYLINOD LY LNO MOFHO LNANWJIN®3

T S o IR s T B e e e o

i o

S

48



v-11 3dNold

M3YUD AHINT 3HL ONI431dd

49



a. Radiation levels expected.
b. Alarm system and evacuation routes.
c. Supervisory control of the entry.

d. Vehicle assignments for transportation to and from
the Site.

e. Review of the detailed entry procedure.

Following a schedule determined by the entry supervisor, crews are
dispatched to the site to survey the area and monitor nuclear
instrumentation (Figure II-5), open cargo doors (Figure II-6),
drive heavy equipment to the Site (Figure II-7), occupy the spot-
ting tower for guiding equipment (Figure II-8), make electrical
tie-ins, establish a point for photographing the operation, and
perform entry in Reactor Building (Figure II-9).

A Combustion Engineering health physicist accompanied each entry
to control radiation exposures of entry participants. He had

the authority to halt the operation whenever the estimated expos-
ures were exceeded, During the entry, personnel not necessary
for the operation conceal themselves behind temporary shields
(Figure I1I-10), and nuclear instrumentation is constantly moni-
tored.

Upon completion of the entry objectives and when directed by the
entry supervisor, all personnel return to the Control Point.

The door opening crew which had returned to the Control Point,
makes the final entry to close the cargo door.

Upon their return from the plant, personnel wait in the gray area
at the Control Point until the results of the entry are initially
verified, whether it be the exposure of film or water probe exami-
nation, etc. Samples, equipment, and film removed from the reactor
building are decontaminated at the decontamination point. Personnel
are undressed, monitored, and checked through the Control Point.

The personnel dosimeters are read and recorded, and the film badges
collected for immediate processing by the AEC Personnel Metering
Section. An operation was considered completed only after SL-1
Site was secured and all individuals decontaminated and film
badges accounted for.

A typical detailed entry procedure is included in the appendix of
this document.

A data summary report of the entry was issued by CEI to the AEC
for each entry. This report presented facts obtained from the entry.
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The information is based on a review of photographs and data,
development of radiation measuring film, and eye witness accounts.

An operational report of major entries was prepared which included
analysis of operational methods and equipment performance, personnel
radiation summary, photographs of significant operations, and sketches
of equipment. Examples of both the date and operational reports may
by found in the appendix of this document.

2. Use of Mockup for Testing and Training

The need for a mockup to develop entry techniques and to train
personnel was recognized when the guideline was established that
deactivation operations would be conducted by remote methods. An
AEC fire fighting practice tower, with platforms 24 feet and 40
feet above ground level, was made available as the base structure
for the mockup.

The first SL-1 facility simulation was of the SL-1 operating floor,
the cargo door, the overhead crane rail, and No. 5 control rod hous-
ing mounted on a crude reactor vessel head (Figure II-11). The
mockup provided all obstructions known to exist between the cargo
door and the reactor vessel head region. Entry operations in the
reactor room were, therefore, simulated in the mockup until detailed

procedures were developed and equipment was found to function prop-
erly and reliably.

Entry operations tested on the mockup as described above were:

a. Entry to traverse the reactor vessel head with a 16 mm
motor operated movie camera.

b. Entry for traversing the reactor vessel head with a
television camera.

The second phase of the mockup development consisted of adding a
simulated reactor vessel (Figure II-12). Concrete pipe sections
were built up to satisfy the vessel dimensional requirements and
to permit filling with water. A detailed mockup of the reactor
vessel head with the damage condition and debris as existed at
SL-1 was added (Figure II-13).

Since operations at the SL-1 were done remotely and in mapy cases
without direct viewing, it was necessary to position the probes

and cameras over the reactor vessel head with considerable accuracy.
It was possible to develop precise traverse patterns for the movable
crane boom. Equipment such as the television camera, droplight, and
water and temperature probes, could be positioned directly over an
open control rod nozzle and dropped into the reactor vessel without
direct viewing. Pictures of exact locations could be taken with
this technique. The observation tower was added to the mockup
facility so that initial lining up of the crane and boom were per-
formed with a high degree of precision.
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INITIAL MOCKUP OF ACCESS DOOR TO SL-1 REACTOR OPERATING FLOOR

FIGURE IlI-11
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Procedures developed during this stage of mockup construction were:

a. Entry for inserting a television camera and droplight
into the reactor vessel for core viewing.

b. Entry for detecting water level above the core struc-
ture with electrical conductivity and sonic probes.

The third stage in the mockup simulation was the construction of
the damaged core structure as observed from SL-1 core pictures.
An egg crate structure, control rod extensions, displaced spray
rings, No. 8 control rod shrouds, and thermal shield were added.
Finally, a model consisting of four fuel elements was placed
under No. 8 control rod nozzle. Figure II-14 is a picture of
the core mockup.

Entry operations developed during this stage of the mockups were:

a. Entry to lower a water sensitive chemical probe through
reactor core structure to locate water.

b. Entry to lower temperature probe to top of core structure.

¢. Procedure for lowering a vacuum sample collector into
reactor vessel.

d. Procedure for lowering a miniature camera assembly into
reactor vessel for core viewing.

e. Procedure for recovering a shield plug from the top of
reactor vessel head,

The mockup was a valuable operational training aid. Operators were
acquainted with entry equipment and conditions to be encountered at
the SL-1 facility withas exposure to radiation (Figure II-15). The
mockup permitted the development of operational proficiency, which

resulted in repeated successful entries and low personnel exposures.
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MOCKUP OF SL-1 CORE STRUCTURAL CONDITION FOLLOWING INCIDENT

FIGURE 11-14
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USE OF SL-1 MOCKUP TOWER TO TRAIN OPERATORS AND TEST METHODS

FIGURE 11-15
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C. SPECIAL EQUIPMENT DESIGN

A shielded Austin-Western crane with a specially designed travel-
ling boom was basic to most major entry procedures. Photographic
equipment, television camera, grapling hooks, temperature and
water probes, and vacuum sampling bottles were suspended from the
boom and inserted into the building or, the reactor itself.
Wherever possible, commercial equipment was adapted to the parti-
cular operation. Special equipment was designed and fabricated
as needed.

1, Crane and Mobile Booms

To carry out operations from the outside of the Reactor Building a
crane with a travelling boom was used for penetrating the reactor
operating room.

The crane was an Austin-Western hy-loader hydraulic unit of 5 ton
capacity. The driver was shielded by 1% inches of lead sheet
covering the cab., An additional lead shield was provided for the
boom operator and consisted of a canopy of lead sheel approximately
one inch thick. The hydraulic boom elevates to 659, telescopes

out eight feet and rotates 360°,

A 200 pound capacity mobile boom, 25 feet long, fabricated from a
four inch aluminum I beam reinforced with two 1/8 inch aluminum
plates welded along both sides of the flanges was attached to the
hydraulic crane boom. This boom was manually operated by a winch
and cabling system which allowed the boom to slide in or out

(Figure II-16). Cameras, probe, lights, and other equipment were
suspended from the sliding boom during remote entries into the reac-
tor room and vessel,

A second mobile boom having a 1,000 pound capacity and 25 foot reach
was designed and fabricated (Figure II-17). The boom was motor
operated, Figure II-18 and controlled by a start-stop switch located
at the crane cabin.

2. Movie Camera and Shielded Box

Several entries involved the use of motion picture equipment in
high gamma fields. Shielding to prevent film fogging was required,
as well as adequate lighting.

A Bell and Howell 16 mm movie camera equipped with electric drive
motor was assembled into a system for remote viewing of the reactor
area., Both wide angle and standard lenses were provided for special
applications. A shielded box was designed to house the camera and
irive motor to minimize gamma fogging of film (Figure II-19). The
“ottom of the box was shielded with 1} inches of lead and one-half
~ach of lead was placed on the sides and top of the box. The total
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CRANE RIGGED WITH 200 POUND CAPACITY MOBILE BEOOM

FIGURE II-16
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MOTOR DRIVE MOVIE CAMERA IN SHIELDED BOX
FIGURE



weight of box and camera was approximately 190 pounds. The light
and camera motor control switches were located in the crane
shielded control station. Power cabling to the lights and camera
was placed inside the travelling boom. The shielded box was
mounted on a bracket welded to the end of the travelling boom. A
drop light used for viewing in the reactor vessel was manipulated
by th; operator by cables supported on the boom by pulleys (Figure
II-20).

Television viewing of the reactor internals required a camera capa-
ble of withstanding high gamma radiation, and which could penetrate
the six inch control rod ports in the reactor vessel head. Addition-
al requirements included long cable runs, and shock and weather
resistant equipment.

The camera was a KinTel 1986C that had been modified by KinTel.
The modification congisted mainly in the removal of the vidicon
and focus control from the original assembly and placing it into
an aluminum tube approximately five inches in diameter and 14
inches in lenght (Figure II-21). The tube had a fused quartz
lens cover and the vidicon had a special fused quartz face. The
camera was operated with a Wallensak one inch wide angle lens.
The camera assembly was waterproof and was connected to the pre-
amp with approximately 60 feet of multiconductor, highly flexi-
ble, cable. Fitting of the camera was accomplished by manipu-
lation of two cables.

For use with the special camera, a 729 line KinTel camera control
unit Model 1988 DCU and two video monitors model 1988-14R were
procured. This system combination gave good pictures resolution,
and photographing the monitor gave a more detailed picture. The
two monitors connected in parallel were used by the operator for
control of operation and for observation and photography respec-
tively.

Difficulties experienced with theequipment included slippage of
the vidicon caused by vibration and moisture shorting the cable
connectors which were not designed for outdoor operation. An
accumulated exposure of more than 10,000 roentgens resulted in
no observable radiation effects upon the equipment.

3. Water Level Probe

Determination of water level in the reactor tank was approached
in two phases:

Water level above the reactor core structure
Water level in and below the reactor core structure
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A detector was required which would be capable of withstanding
high gamma fields suitable for remote operation and satisfactory
for positive indicating.

The first water level probe to the top of the core was made with
an Ultrasonic Water Level Detector. When this probe indicated
no apparent water level above the core, the development of a
water sensitive probe small enough in diameter to penetrate the
core structure was required.

a. Description of Ultrasonic Water Level Detector

The water level detection device used above the core was an ultra-
sonic liquid level probe manufactured by Powertron Ultrasonic
Corporation of Garden City, New York. This probe uses the magneto-
strictive properties of nickel to provide a sensitive element that
vibrates at an ultrasonic frequency (40 kc/sec.) when exposed to
air, As long as the sensitive element was not dampened the probe
would continue to wvibrate ultrasonically (Figure I1I-22). The
instant the sensitive probe is immersed in a liquid the ultrasonic
oscillation stops and is indicated by a light signal.

A housing was made to encase the ultrasonic probe. The housing
served to protect the probe and to collect a water sample of
approximately 50 cc's. (Figure II-22), A piece of blotter paper
was taped to the bottom of the probe housing to permit indication
in case that the water level was of insufficient height to reach
the probe.

The controller unit was mounted behind the protective lead shield,
and was powered by 115 volts AC. The connecting cable between
probe and controller was strung through pulleys on the crane, and
was used to support the weight of the probe,

b. Description of Chemical Water Level Probe

The chemical water probe consisted of 42 segments covered with
Nylaflow tubing (Figure II-23), Each segment is 1 inch long and
consists of a piece of one-quarter inch diameter Nylaflow tubing
which has four radially drilled holes, each 0.025 inches in diame-
ter. Stainless steel plugs are inserted into the tubing. These
plugs are held together by a stainless steel rod, threaded into
the plugs. Eastman 910 adhesive was used to attach the Nylaflow
tubing to the plugs. The bottom piece of the probe was pointed to
facilitate its entry into the Teactor core while the top piece is
designed to accommodate the support cable.

Chemically pure filter pulp was inserted into the segments along
with a single KMnO, crystal (Figure II-24). One of the segments
contains only the %ilter pulp in order to obtain a sample if water
was encountered in the reactor vessel while another one had no holes
in order to check the effect of radiation only on the segments.
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Water entering the small holes in the Nylaflow tubing would dis-
solve the KMnO4 and color the filter pulp. The holes were too
small to permit entry of steam or vapor, but allowed water to
enter so that complete indication occurred in about 2 minutes.

Five of the segments of the water probe contained temperature
detecting materials (Figure II-25). The temperature detectors
used low melting point materials to compress a spring until the
materials were heated beyond their melting points. As the mate-~
rials were heated to their melting points, the springs would
expand to fill the entire volume of the capsule. The materials
chosen with respective melting points were:

(1) Tempil Blue - 100 °F

(2) Cerrolow - 117OF

(3) Paraffin - 128 OF

(4% Woods Metal - 160 OF
Tempil Pink - 200 OF

4. Miniature Camera Assembly

A standard Minox camera (Figure II-26) was adapted for use in a
high radiation field and for remote operation., The camera is
mounted in a stainless steel case with a minimum of 0,75 inch of
lead shielding (Figure II-27), Three lights are mounted on the
front end of the case. The entire assembly was suspended from

the coaxial power cable. The camera shutter is cocked and the
film advanced by a solenoid mounted above the camera., The shutter
is opened and closed by a second solenoid mounted off to the side
of the camera. The camera is mounted facing a 45 © front silvered
mirror so that the camera and film are not directly exposed to the
radioactive objects being photographed. The camera uses 9 milli-
meter film in a 50 exposure cartridge. A fine grain high radia-
tion resistant documentary film was used.

The camera shutter was set for time exposures due to the slow film
speed and low lighting level. The range of exposure times used

was one to eight seconds. A block was clamped to the power cable
above the camera assembly to serve as a suspension point to prevent
any camera movement during the time exposures. The camera operator
timed the exposures with a stopwatch.

A tilting device was used which consisted of 2 cables of different
lengths fastened to the camera housing and supported from a ring
clamped to the power cable.

The camera assembly is supported by the power cable which was run
along the horizontal crane boom over pulleys. The cable terminates
in a control box behind the crane shielding.

The camera control box contains power supplies for the lights and
camera solenoid switches. Switches are provided for AC power, lights,

cocking solenoid, and shutter solenoid. A counter records the expos-
ure number.
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MINOX CAMERA AND SHIELDING
ASSEMBLY

FIGURE I11-27
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The ammeter incicates light current, and will show the operator when a
light burns out.

5. Reactor Dry Sample Removal System

The equipment used in obtaining a dry sample from the SL-1 core surfaces
was a modified hand vacuum cleaner (Figure II-28).

Modification consisted of machining away the exhaust connection and re-
moving the fan inlet connection. The inlet section was replaced with a
collection chamber and filter assembly fabricated from stainless steel.

The collection chamber was fabricated in two sections and threaded together.
A filter was removed from an assault mask cannister M-11 and was installed
between the threaded sections to enable collecting of very fine dust part-
icles.

The upper section was bolted through the impeller housing to the motor
housing. The lower section had an eccentrically located suction pipe
welded through the conical lower end. Centrally located in the lower end
was a latch operated trap door for removing samples.

The handle was removed from the vacuum cleaner and replaced with a
bracket attached to the end of the motor housing. This bracket was used
as an anchor point for the electrical cable; the electrical cable also
served as the supporting member for the vacuum pick-up assembly.

The vacuum pick-up assembly is maneuvered by means of pulleys attached
to a traveling boom on an Austin-Western crane.

During operation, particles are picked up through the suction nozzle and
pulled into the collection chamber. The heavier entrained particles then
drop out and fall to the bottom of the collection chamber. The lighter
particles remain in the air stream and impinge on the filter where they
remain until the vacuum is turned off.
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D. CHRONOLOGY OF SIGNIFICANT DEACTIVATION EVENTS

Date

1/17/61

1/17/61

1/23/61

1/23/61

1/26/61
2/2/61
2/1/61

2/22/61

2/28/61

3/16/61

3/17/61

3/29/61

Event

A radiation survey was performed in the SL-1
yard area and buildings, except the reactor tank.

Gamma and neutron monitor systems were installed
under and around the Reactor Building to provide
an emergency warning system in the area.

An unsuccessful attempt was made to view the
vessel head with closed circuit television.

A movie film was taken of the reactor operating
floor and head area., The film provided the first
pictorial records of the full reactor vessel head
since the incident.

An unsuccessful entry was made to take television
pictures of the core.

4 neutron detection chamber was installed in the
SL=-1 beam hole.

An unsuccessful attempt was made to view the reactor
vessel internals and core with a closed circuit
television system.

A motion picture film was taken of the core through
all open vessel head nozzles. This viewing provided
the first pictorial information of the condition of
the reactor core.

A sonic water level probe was dropped eleven feet
four below the top of No. 8 flange with no evidence
of reactor water indicated. -

A television camera was dropped into the reactor
vessel for viewing of the vessel and core structure.

The television camera entry of 3/16/61 was repeated
to obtain movie film coverage of the TV monitor
during the core viewing.

A chemical probe was lowered one foot six inches
below the active core with no evidence of water.

A thermocouple probe was dropped to the top of the
core during_ the same entry and a maximum tempera-
ture of 98 "F was recorded.
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Date Event

4/15/61 A chemical probe was lowered 2 feet 6 inches
below the active core with no evidence of
water. A miniature camera picture recorded
the probe penetration of the core structure
through No. 8 control rod shroud.

4/20/61 A vacuum sample collector unit was dropped
through No. 8 nozzle and operated for seven
minutes. A 1.4 mg sample of metal fuel alloy
and 8.7 mg sample of boric acid crystals were
collected.

5/3/61 A movie film and radiation survey were made of the
SL-1 operating floor and ceiling.

5/11/61 A miniature still camera was dropped through No.
8 nozzle and 39 pictures were taken of the core.

5/17/61 A shield plug was removed from the reactor head
and a television camera was dropped through No. 4
nozzle for viewing of the core, and 400 feet of
movie film was taken.

5/19/61 A miniature still camera was dropped through No.
4 nozzle and 31 pictures were taken of the core.
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E. INFORMATION OBTAINED TO ESTABLISH THE SL-1 SHUTDOWN CONDITION

Concern about the possibility of another nuclear excursion occurring
and the need to know the conditions existing inside the reactor
vessel, to enable poisoning of the core, necessitated that a number
of entries be performed. As each entry into the reactor building
occurred, additional knowledge was obtained until sufficient infor-
mation about the condition of the core was established.

1. Viewing of the Reactor Operating Floor and Head Region

Shortly after the excursion a photographer entered the reactor
operating floor and obtained six photographs of the vessel head and
adjacent areas. Photographs taken later in EP-R0O-8 provided overhead
views of the reactor vessel head area and s partial inventory of the
reactor components located in this region (Figures II-29 and 30).

The position of three of the control rods was estimated following
observation of the control rod mechanism racks protruding from the
vessel head. Figure II-31 presents a short analysis of the rod
extension positions. Water seen in recesses in the shield blocks and
water marks on the ceiling indicated that some quantity of water had
been expelled from the reactor vessel.

2. Viewing of the Reactor Vessel Internals and Core

The first significant information about the condition of the reactor
core was obtained by dropping a television camera and light through
the reactor vessel head (Nozzle No. 8). Photographs taken of the
television monitor revealed substantial core damage as well as some
information on location of control rods and fuel assemblies (Figures
II-32 and 33), a photographic composite of many core views was pre-
pared (Figure II-34) and an analysis by special photographic interpre-
tation methods was completed (8). The analysis is presented below:

Position No. 1 The shrouds have been foldedflat and crushed against
the thermal shield. The control rod appears to be in a completely
down position. (The Figure 9 appearing on the rod in the 16-17 March
photos is an illusion made by the connection between the ball section

and the upper, narrow end of the control rod). The upper spray ring
obscures a portion of the No. 1 area.

Position No. 2 Area is partially obscured by Control Rod No. 9.
Several fuel elements are identifiable.

Position No. 3 The shrouds have been bent and twisted and moved to-
ward the thermal shield. The control rod is in a down position and
has moved about 8 inches toward the downcomer. A gaping hole remains
at the former position of the control rod and the shroud. A cross-
stanchion lies across the No. 3 area tilted at a 45 ° angle from the
vessel wall, downward toward No. 9 position.
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NOTE
(1) ALL DIMENSIONS ARE OVERALL,
(2) TOLERANCES ARE MAXIMUM AT
£+ 0.5 INCH, ACTUAL VALUES
INDICATED A POSSIBLE ACCURACY
OF £0,2 INCH IF ORIGINAL NEGATIVE
WERE AVAILABLE,

TOP ROD EXTENIS 1,0% 0.8 INCHES
ABOVE FLANGE

4 \

ROD EXTENDS

16,6 £ 0.5 INCHES ABOVE

NOZZLE FLANGE

'.
O
NO,[3
Q)‘

/

TOP OF OBJECT 7,6 £ 0,2 INCHES
BELOW FLANGE

@I

TOP OF ROD 18,9 20,9 INCHES
{
(=2, ABOVE FLANGE

PHOTO ANALYSIS OF SL-1 CONTROL ROD EXTENSION POSITIONS AFTER INCIDENT

FIGURE 11-31
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PHOTO-ANALYSIS OF VESSEL INTERIOR
(REPRINTED FROM USNPIC REPORT N-PZIl P6)

Fig. I-34



LEGEND

SYMBOLS

l&\\_\i_\} - Areas Obscured by #9 Control Rod

- Area Obscured by Upper Spray Ring

- Fuel Element Boxes and Spare Boxes

;;Jf} - Possible Additional Boxes
ANNOTATIONS
A - Upper Spray Ring
B - Lower Spray Ring
B! - Lower Spray Ring Bracket
C - Filler Pipe - Lower Spray Ring
D - Spare 1" Pipe
E - Purification Water Inlet
F - #5 Rod Extension
G - #7 Rod Extension
H - Probable Cross-Stanchion from #9 Shroud Area
J - Possible Cross-Stanchion from #9 Shroud Area
K - Shrouds
L - Possible Shroud
M - Probable Tops of Fuel Boxes

N - Unidentified



Spray ring with two full ele-
ment end boxes resting on top.
Ring is out about 3 inches
from wall., Shroud No. 8 visi-
ble in center. Portion of the
other spray ring visible in
corner.

Shroud No. 1 with control rod
and rack in place. Spray ring
in foreground. Square objects
may be tops of fuel elements.

OVERHEAD VIEWS OF DAMAGED CORE

FIGURE I1-32
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Shroud No. 8 with two fuel ele-
ments in place toward shroud

No. 1 which is barely visible.
in corner. Holddown box on top
of fuel elements. The downcomer
area is visible behind shroud
No. 8. Spray ring in center of
picture., Rod No. 9 shroud with
step on left. Possibly two fuel
elements visible between No. 9
shroud and spray ring.

The shroud of No. 9 with two
holes and step section, possi-
bly two fuel elements.

OVERHEAD VIEWS OF DAMAGED CORE

FIGURE 11-33
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Position No. 4 The shroud, part of which is visible, has been smashed
against the pipes at the vessel wall. The upper end of the 1i inch
filler pipe to the lower spray ring has been ripped loose and twisted
toward No. 3. Most of the area lies in the shadow of Control Rod No. 9.

Position No. 5 The rod extension appears to be in full down position.
Part of Control Rod No. 9 is crushed against it and obscures the

shroud. It has been moved toward the downcomer, but how much is not
determinable.

Position No. 6 Part of the shroud is visible. Most of area is hidden

by Control Rod No. 9, No. 7 rod extension, and the upper and lower
spray rings.

Position No. 7 The control rod is in the down position. The rod and
shroud have been twisted and displaced toward the vessel wall about
6 - 8 inches. The rod extension and the rack have been bent or broken

at the union joint. A probable fuel box top lies between the shroud
and the vessel wall.

Additional views of reactor tank interior were obtained with a remotely
operated Minox camera inserted in No. 8 and No. 4 nozzles. A composite

view of the two core areas was constructed from the above views and is
described below:

Nozzle No. 8 Composite(Figure II-35) - No water above the core was
apparent. Shroud No. 8 was displaced outward toward the vessel wall
assuming a curved shape. Distorted fuel plates are evident. Displaced
and bent holddown boxes are visible. Upper and lower feedwater spray
rings were dislodged.

Nozzle No. 4 Composite (Figure II-36) - Core damage appears more
severe in this section of the core as compared to view through Nozzle
No. 8. Rod No. 4 with attached weight is visible. Steam baffle has
been displaced from original position.

Conclusions from pictures taken to May 20, 1961, are summarized:

a. Control Rods No. 1, 3, 5, and 7 appear to be fully or
partially inserted in core region. Rod No. 9 is fully out of the core
and is resting on top of the core structure.

b. Fuel Elements - Approximately one-half of the fuel elements
can be identified and these elements appear to be severely twisted,

collapsed, and have moved outward from their original positions toward
vessel walls.

c. Core - The core has been expanded such that the nine inch
wide downcomer region is essentially filled. No major holes can be
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COMPOSITE VIEW OF DAMAGED CORE AROUND CONTROL ROD POSITION NO.8 WITH MINOX CAMERA

FIGURE 11-35 92
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observed in the core regions. However, No. 9 rod and shroud obscure
the center of the core from view.

d. Shrouds - All control rod shrouds appear to be partly
collapsed, twisted away from the core center, and are dislocated
toward the vessel walls. Rod No. 9 shroud has been partially blown
out of the core and is engaged with the lower part of Rod No. 9.

e. OSpray Rings - The lower spray ring has been blown to a
position several feet above the core structure. The ring is bent
out of round, twisted, and partly collapsed. The upper spray ring
has been bent out of round and has dropped below its original
elevation in the vessel.

f. Vessel Wall - No damage to the vessel wall is apparent.

g+ Thermal Shield - No damage to the thermal shield is
apparent.

3. Reactor Temperatures Recorded Inside Reactor Vessel

Temperature data were taken inside the reactor vessel with a thermo-
couple probe in entry EP-RO-15. A temperature of 90C°F was indicated
under the vessel head. At a position on top of the core structure,
a reading of 989°F was observed.

4. Reactor Water Level

To establish the water level in the reactor vessel after the incident,
visual, sonic, and chemical detectors were used. The visual method
relied upon observation of reflections of a light on the surface of
the water. This method was used in entries EP-RO-9 and EP-RO-14. No
reflections were observed. Locating water level was then attempted
with a sonic probe (EP-RO-lO). This probe was lowered to the upper

surface of the core and established that the level was below the top
of the core structure.

The final probe for water level was made with a small diameter water
sensitive chemical probe (Figure I1I-37).

In entry EP-RO-16, the probe penetrated the core structure to the
bottom of the reactor vessel with no evidence of water. Penetration

of the core by the probe through control rod shroud No. 8, was verified
by a miniature camera photograph (Figure I1I-38).

F. ADDITIONAL INFORMATION OBTAINED AFTER SHUTDOWN CONDITION WAS
ESTABLISHED

Once it had been established that there was no water in the SL-1
reactor vessel, the objective of entries became that of obtaining
information pertaining to the cause and extent of nuclear excursion

and to perform those tasks which would lead to decontamination of the
plant.
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FIGURE 11-38
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1. Photographing the Reactor Core

Photographs obtained of the reactor core by taking movies of the
television monitor gave first indications of the reactor core
mechanical condition. Minox pictures taken through vessel head
nozzle No. 8 (Entry EP-R0-20) gave a clearer indication of the

damage to the core. Information obtained at this entry is given
below.

a. Thirty-nine photographs of the inside of the reactor
vessel were obtained. These photographs indicate the condition of
approximately 40% of the core. The photographs show in greater
detail the destruction previously observed. (Television Entry
EP-RO-14) i.e., the material appears to be moved in a general
direction away from center, much debris is resting on top of the
fuel assemblies, fuel plates are bent and distorted, and wires are
laying across the top of the core (See Figure 1I-35).

Subsequent entries were performed in head nozzle No. 4, after the
shield plug laying across the head was removed. The first entry
into this nozzle was with the television camera (Entry EP-R0-21).
The television camera was primarily lowered into the No. 4 nozzle
to determine that is was clear to lower the miniature camera into
the reactor vessel for more detailed photographs. The television
views showed a greater degree of destruction than has been observed
to the other side of the core viewed through nozzle No. 8. The TV
camera showed, however, that the miniature camera could be lowered
through the No. 4 head nozzle.

Because the television camera could not be traversed, views of the
No. 9 control rod and blade were limited to looking straight down
the nozzle hole from above the vessel head. These views indicate
that in addition to the control rod connector there appears to be
a steel shielding plug wedged into the hole.

Photos then taken through nozzle No. 4 with the shielded camera
(EP-R0-22) confirmed the indications of core destruction. Forty
photographs of the inside of the reactor vessel and over nozzle No. 9
were obtained. Review of the photographs indicate that the tilting
arrangement for the camera did not function. For this reason, there
are only three groups of photographs which show any differences in
area covered. Review of these pictures shows in more detail the
destruction of the core that was observed by viewing of the television
monitor movies. Close scrutiny of a plate laying above the core

indicates that it is very probably a piece of the steam baffle (See
Figure II-36).

2., Samples Obtained from Reactor

A modified vacuum cleaner was lowered into the reactor vessel (Entry
EP-R0-17). The vacuum sample collector unit was dropped into the SL-1
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reactor vessel to four feet two inches below the No. 8 nozzle flange.
Penetration below this level was not accomplished because of inter-

ference of the spray rings. The vacuum unit was operated for approximately
seven minutes in the reactor vessel. A quantity of white crystalline
material and some tiny pieces of metallic appearing substances were ob-
tained. The samples were weighed, gross activity measured, photographed,
and analyzed by emission spectroscopy, mass spectrometry, X-ray spec-
troscopy, pulse height scanning and fluoroscopic analysis for Uranium.

The results are summarized below:

a. Sample No. 1 - White Crystalline Material (See photomicrograph,
Figure II-39)

This was found to be rather high purity boric acid, H3 BO3, with some
fission product contamination associated with it. Mass spectrometry
showed the BlO, Bll abundance ratio to be natural (ratio of 4.06/1).

Its source is very likely the boric oxide in the head region, since
with heat and hydration this converts to Boric Acid.

b. Sample No. 2a (See photomicrograph) (Figure 11-40)
This is unquestionably a melted particle of fuel material, since the
principle elements are those comprising the fuel alloy (U, Al, and Ni),
and the 90% U235 content is in agreement with the SL-1 enrichment (91%).
c. Sample No.2b(See Figure II-41)
This is a piece of carbonaceous material.

d. Sample No. 3

This is an extremely tiny particle of fuel material, similar to
sample No. 2a.

3. Photographic Scanning of Ceiling of the Reactor Operating Room

A sequence of movie film was taken of the ceiling over the reactor vessel
region. The pictures (Figures II-42 arnd II-43) show damage done to
support beams by shield plugs when ejected from the reactor head. Holes
in the sheetmetal ceiling caused by two control rod drive plugs are evi=-
dent. One shield plug may be seen still embedded in the ceiling (Figure
II - 43). Some debris has accumulated on the ceiling support structure.
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DAMAGE TO FAN FLOOR ABOVE REACTOR HEAD

FIGURE I1-42
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DAMAGE TO FAN FLOOR ABOVE REACTOR HEAD

FIGURE 11-43
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G. RADIATION SURVEY
1. 1Inside Reactor Building

Gamma and neutron radiation surveys were performed in the reactor vessel
and in the reactor operating room at intervals during the five month
period following the incident. The survey data were obtained generally
as a secondary effort in entries having other objectives. Gamma and neu-
tron detectors were attached to the equipment inserted into the building
for photography, temperature measurement, water level determination, etc.

This section describes the instrumentation, outlines the procedures, and
presents a summary of the measured results.

a. Instrumentation

Film packs mounted in standard NRTS holders and containing a beta window
with cadmium, silver and aluminum filters were used to establish gamma
levels in the reactor building. By recording the exposure times and
specific locations the films were in the reactor area, dose rates could
be established at these locations. This technique allowed comparison

of data from successive entries.

Processing and reading of the film was accomplished by the IDO Health
Physics Division. The quoted accuracy on the film was + 20% for the
gamma dose,

A Jordan radector Model AGB500B was also attached to the movable crane
boom during penetrations in the reactor room. The radector was fitted
with a 50 foot extension from the chamber to the power supply and read-
out system to allow the boom operator to observe dose rate readings re-
motely. Calibration of this instrument above 1 r/hr is poor resulting
in at least a + 20% error on the results from this detector. This de-
tector has essentially a uniform response with respect to indicated
radiation intensity versus gamma ray photon energy for photon energies
from 80 kev to 1.2 inches mev.

Inside the vessel gamma doses were established using chemical dosi=-
meters produced by E. G. and G. Each dosimeter packet consisted of
three dosimeters having overlapping sensitive ranges thus allowing mul-
tiple readings for accuracy. Two types of packets were_available, one
ranging from 25 r to 103r and the other ranging from 10° to 10° r. The
accuracy of these dosimeters was + 20%.

In conjunction with a movie camera survey of the reactor operating
floor and ceiling, a collimated ion chamber survey was conducted. The
ion chamber used the modified Jordan radector mounted in a collimator
placed in the lead lined movie camera box as shown in Figure II-44. A
second movie camera was mounted to record the radector readings and
operated in conjunction with the camera scanning the operating room.
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This technique allowed accurate correlation of the detector reading with
position. Since only relative dose rates were of interest, no attempt
to calibrate the system for absolute dose rate was made.

The detection of neutrons in the vessel was accomplished by exposing
indium, gold,nickel, copper, and sulphur foils. Standard neutron foil
techniques were used.

b. Summary of Radiation Results

Radiation traverses were made from the cargo door entrance of the re-
actor building to port No. 8 with film badges placed along the length

of the movable boom and with the Jordan radector located on the end of

the boom. A typical traverse is shown in Figure II-45. The effect of radia-
tion streaming through the vessel ports and general increase in radiation
level over the vessel is evident. The ratio of the average dose rate

over the vessel to that over the floor is 1.7.

Figure I 46 shows the radiation decay measured at five feet above the

reactor vessel head during penetrations made between March 15 to May 17,
1961.

Figure II-47shows the gamma dose rates measured in and above the reactor
vessel throughout this period.

Neutron measurements were made with indium and gold foils inside the re-
actor vessel. Both the indium and gold foil data indicated that there
is little or no thermalizing material in the reactor vessel. The fast
neutron flux in the vessel was insufficient to activate the nickel and
sulphur to a measurable level.

c. Technique for Location of High Radiation Sources

A joint collimated ion chamber survey and movie camera traverse of the
reactor operating floor and ceiling was performed. The survey was a
first attempt at developing techniques for locating major sources of
radiation in the reactor building. While quantitative radiation levels
and precise directional characteristics cannot be reported, the techni-
que did provide relative radiation levels and therefore a radiation
profile of the reactor room floor and ceiling.

A plot plan of the reactor operating floor with the path of the camera
traverse is shown in Figure II-48. The height of the ion chamber above
the operating floor was five feet + six inches., The numbers along the
traverse refer to the frame number of the movie film. Figure II-49 is
a plan of the reactor operating room ceiling with the camera traverse
path indicated. The ion chamber was four feet + six inches below the
ceiling. To locate specific readings in the figures, the reader should
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establish the frame number associated with the reading and locate this
frame number by extrapolation between the recorded frame number. Add
or subtract five inches, depending on direction of the traverse. The
reading of the ccllimated ion chamber was one when aligned at the cargo
door pointing toward the floor.

Floor traverse No. 1, Figure II-50, shows the streaming of radiation through
ports No. 3 and No. 9 and also indicates, by the general rise in level as
the detector passed over the reactor vessel, that a large portion of the
radiation in the reactor building is coming from the top of the reactor
vessel. The increase in level in the vicinity of frame No. 165 corres-
ponds to an accumulation of blotter paper in this region.

Floor traverse No. 2, Figure II-51, also shows the effect of passing over
the vessel. The large peak corresponds to port No. 4.

Floor traverse No. 3, Figure II-52, shows the accumulation of radioactive
material in the lifting eye indentations in the shield blocks. The high
intensity relative to measurements over the vessel is misleading, since
the distance between the top of the shield block and the detector was
approximately six inches compared to five feet over the vessel. The
peaks occurring at frame Nos. 1256, 1320, and 1675 correspond to the
indentations in the shield plugs. Repositioning of the boom was re-
quired when it ran intothe crane hook at frame 1370 resulting in dis-
continuity of frame number at this point. This traverse shows the
effectiveness of this system for location of hot spots. Figure II-53
indicates a generally high level in the vicinity of frames 1850 to

2000,

Ceiling traverse No. 1, Figure II-54, shows the relative radiation com-
ing from the ceiling directly over the vessel. It is interesting to note
that the peaks from frames 300 to 400, and 500 to 600 correspond with the
I beams in the ceiling and that the shield plug located in the ceiling in
the vicinity of frames No. 450 to 470 does not indicate a high radiation
source,

Shielding around the collimated ion chamber, including the lead in the
camera box, was 1-1/2 inches of lead. Based on the general dose rate
levels measured over the reactor vessel during previous entries, it

is estimated that at least 50% of the radector reading over the vessel
is attenuated radiation from the core. Ceiling traverses No. 6 through
6 indicates that there are no spots on the ceiling with intensities
greater than the scattered radiation, general contamination or attenu-
ated direct beam radiation passing through the collimator shield.

This method of radiation survey is believed to be adequate for locating
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